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Abstract 
To offer an overall conceptual understanding and extend the knowledge of combined submerged MBR process, a 
modified membrane fouling model was developed. The model was constructed based on Extracellular Polymers (EPS) 
which increased with biomass growth in submerged MBR system. Due to density of EPS accumulated on the 
membrane surface caused trans-membrane pressure increase which finally results in flux decrease, the membrane 
fouling model adopted EPS concentration in mixed liquor and EPS density on membrane surface as main influence 
factors for trans-membrane pressure variation.  Simulation results show that the fouling model could well predict 
membrane fouling in submerged MBR which three zones as anoxic, aerobic and anaerobic, it could offer operational 
and design parameters decision and optimal operational conditions.  
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1. Introduction 
In recent years, membrane bioreactor (MBR) has been widely applied in many kinds of wastewater 
treatment to achieve higher effluent quality, which is often difficult to be effectively met by conventional 
activated sludge process [1]. The advantages of MBR are high MLSS concentration, producing higher 
rate of removal of COD and BOD, lower excess sludge production and the treated water can be reused [1]. 
However, there is no doubt that membrane fouling is one of the most serious problems of the technology. 
Decrease in performance of membrane filtration due to fouling has hindered the widespread application 
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of MBR processes for wastewater treatment [2,3] . Fouling phenomena on the membrane surface and 
within the pores reduce the long-term stability of flux performance. Permeate back flushing and chemical 
cleaning are standard procedures applied to minimize these effects and stabilize overall permeability of 
the membrane systems, but result in losses of net filtration efficiency and possible damage the membrane 
by cleaning agents [4].  
Although submerged MBRs can reduce the energy consumption concerning air supply compared with 
side-stream MBRs, membrane fouling is one of the most important problem to be solved for less 
maintenance cost and more applications of submerged MBRs, because the energy consumption rate is still 
much higher in MBRs than in conventional activated sludge processes[4]. 
Therefore, importance of prediction of MBR fouling and determination of membrane cleaning interval 
has been increased in recent years [5]. Both of the evolution of membrane permeability under certain 
operating conditions and the effect of cleaning measures can nowadays be predicted. These uncertainties 
cause considerable difficulties in plant layout, design and operation .For many industrial processes as well 
as for conventional wastewater treatment models are used to simulate process performance and to derive 
optimization. 
In this study, a mathematical model based on EPS increasing was developed to predict the membrane 
fouling in combined submerged MBR for domestic wastewater treatment, in which change of MLSS, EPS 
in mixed liquor, EPS on membrane surface and trans-membrane pressure could be simulated under 
different influent COD loading. 
1.1. Experiment setup 
The experiment set-up was divided into anoxic zone, anaerobic zone and aerobic zone with the volume 
of 0.72m3, 0.48m3 and 0.96m3 respectively. Six pieces of polypropylene hollow fibber MF membrane 
modules were placed in the centre of aerobic zone. The total filtration area of the membrane is 48m2 and 
its pore size is 0.1~0.2μm.  
1.2. Initial operational conditions and parameters 
The initial operational conditions and parameters for combined submerged MBR operation were 
showed in table 1. 
Table 1 Operational parameters and initial conditions 
2. Mathematical model 
Items Unit Value Items Unit Value 
Organic Loading rate, L gCOD/L·d 1.404/0.8 Operational time d 43 
Flux,J m3/m2·h 21.9 Aeration rate m3/h 0.08 
Interval rate min 12/3 MLSS, X g/L 5.9 
Max pressure ,Pmax Pa 40 EPS in mixed liquor, p g/L 0.128 
SRT d 20 EPS on membrane surface ,m kg/m2 0 
Recycle rate ，Rh % 200 Membrane resistance , Rmemb m-1 0.825×1012 
2.1. Modeling equation 
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A mathematical model developed by H.Nagaoka [5] was modified under anoxic, anaerobic and aerobic 
combined conditions in submerged MBR to simulate the change of EPS in suspended mixed liquor, on 
the membrane surface and its influence on the suction pressure increase.  
2.2. Modeling parameters 
All Parameters in above model were acquired by experiment using combined submerged MBR, the 
value of parameters of model was shown in table 2. 
 Table 2 Parameters of membrane fouling model  
Items Unit Value Items Unit Value Items Unit Value 
Kdx kgCOD/kgMLSS 0.4308 α0  m/kg 4.67×1014  Kdp d-1 0.0308 
Y d-1 0.00281 αp m/kg•Pa 4.44×1012 γ d-1Pa-1 2.38×10-3 
β gEPS/gMLSS 0.0081 Ka d-1 0.01 λm  0.24 
 
3. Result and discussion 
3.1. Predict of MLSS concentration 
Under the operational conditions of COD loading rate at 1.4kg/d·.m3and 0.8kg/d·.m3, sludge drainage 
at 20th day, the model was used to predict MLSS concentration variation, meanwhile, measured value 
was compared with predicts value which results showed as fig.2 and fig.3. 
As Fig2 shown, during the 43 days operation, MLSS concentration increased from 5.67 to 10.32g/L. 
Although, the operational condition changed such as sludge drainage and influent COD loading changing, 
eq.1 was well simulated biomass growth presented as MLSS in combined submerged MBR system. It 
showed that biomass growth rate was changed with influent COD loading. 
The biomass growth model (eq.1) was also used to predict MLSS concentration variation under non 
bio-carrier packed in submerged MBR, the prediction results was shown in fig. 3. It showed that biomass 
growth model present as eq.1 could be used to simulate MLSS variation both in suspended sludge MBR, 
and in biofilm growth MBR. 
Figure 3 Measured and simulated values of 
MLSS concentration 
Figure 2  Measured and simulated concentration of 
MLSS under different COD load 
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3.2. predict of EPS in mixed liquor 
Eq.2 was used to predict EPS concentration variation in mixed liquor in this study, the results were 
showed in fig 4.. The main factors influenced EPS concentration in mixed liquor were COD loading in 
influent, EPS accumulation on membrane surface, EPS degradation in anoxic and anaerobic zone and 
EPS translate to protein  by shear force.  
 
Fig.4 shows EPS concentration in mixed liquor changed with influent COD loading increasing. 
Meanwhile, in combined MBR system, due to biodegradation of EPS in anoxic and anaerobic zone, the 
EPS concentration in aerobic zone increased slowly. 
3.3. Predict of EPS on membrane surface 
EPS density change on membrane surface is shown in fig5. At beginning of operation, the simulation 
results were not accuracy, which always higher than measured value. With time increasing, predict value 
was well simulated by the developed model. After sludge drainage of MBR system, EPS concentration in 
mixed liquor was decreased gradually, meanwhile, accumulation rate of EPS on membrane surface was 
lower and lower, which means density increase of EPS on membrane was slower and slower. 
Figure 4 Measured and simulated values of 
EPS concentration in mixed liquid
Figure 5 Measured and simulated values of 
EPS density on membrane surface 
Figure 7 Measured and simulated values of 
trans-membrane resistance  
Figure 6 Measured and simulated values of 
trans-membrane resistance  
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3.4. Predict of  resistance  
Fig.6 shows the prediction of membrane resistance variation during filtration which could well 
simulate membrane resistance variation during operation. After sludge drainage, COD loading decreased 
in MBR system, which shows low COD loading operation could reduce membrane resistance increase 
effectively. However, membrane resistance variation was according with EPS density on membrane 
surface, which present tendency of increasing. 
3.5. Predict of tans-membrane pressure 
Fig.7 shows observed and simulated change of tans-membrane pressure. Exponential-type increase of 
the pressure was simulated well by developed model which considers the consolidation of EPS on the 
membrane and the balance of forces acting on the EPS.  
Conclusions 
The membrane fouling model based on EPS density variation on membrane surface which developed 
by H.Nagaoka was modified under different influent COD loading for submerged MBR which divided 
into anoxic, anaerobic and aerobic zones. The modified model could well simulated biomass growth 
presented as MLSS in combined MBR, meanwhile, it could predict  trans-membrane pressure variation, 
which could  predict  MBR fouling and determination of membrane cleaning interval. 
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